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It is possible to study in a semiquantitative manner, platelet adherence to collagen and other surfaces (2) . The administration of 85SO4= or glycine-14C to rats, pigs, or rabbits leads to the labeling of a cohort of young platelets on the 2nd or 3rd day (3) (4) (5) . DF82P (di-isopropyl phosphorofluoridate-32P) is considered to label platelets of all ages (6, 7) . If the younger platelets preferentially adhere to surfaces, then upon exposure to collagen, the specific activity of the nonadherent platelets should fall when the young platelets are labeled, whereas there should be no change in the specific activity when the whole population is labeled. We have used these considerations to study both in vivo and in vitro the relationship between platelet age and platelet adherence to collagen.
In addition, we have examined whether the adherence of platelets to each other, induced by adenosine diphosphate (ADP), is also influenced by platelet age.
In order to assess platelet adherence to collagen in the absence of platelet aggregation we performed these studies with platelet-rich plasma (PRP) prepared from blood mixed with disodium ethylenediaminetetraacetate (EDTA). Platelets can adhere to surfaces in the presence of EDTA but not to each other (2) . When studying ADP-induced adherence of platelets to each other, we used platelet-rich plasma prepared from blood taken into citrate. Collagen. Commercial collagen (Sigma Chemical Co.) was used as fibers or as a fine suspension prepared by the method of Hovig (8) , from 2 g of commercial collagen in 100 ml of Tyrode's solution.
METHODS
Rabbits. The rabbits used were the white New Zealand breed and weighed between 3 and 4 kg.
Blood samples. Blood for platelet counts and radioactivity determinations was withdrawn from anesthetized rabbits (intravenous sodium pentobarbital) through a silicone-coated plastic carotid cannula into a disposable plastic syringe. The blood was rapidly mixed with either 3.8% trisodium citrate or 2%o EDTA (2%c disodium ethylenediaminetetraacetate, 0.33% NaCl) (9 parts of blood to one part of anticoagulant) in a silicone-coated glass centrifuge tube. PRP was prepared by centrifugation at 77 g for 15 min.
Platelet suspensions. The preparation of washed platelets in suspension in Tyrode's gelatin solution has been described previously (9) .
Platelet labeling weith radioactive sulfur ('5SON=). 200 ,LC of 'SO4= was administered by intravenous injection.
Blood was withdrawn at 54 hr or 96 hr after the injection. In some instances the blood was obtained from one animal at different times for test purposes. However, in most cases a different animal was used for each study. From Fig. 1 it can be seen that there was a sharp rise in circulating 5S-labeled platelets about 40-44 hr after administration of the isotope. This reached a peak between 50 and 72 hr and then fell off sharply. Thus, labeled platelets recovered 54 hr after administration of the isotope would be predominantly a cohort of young platelets, and those recovered 96 hr after isotope administration would be predominantly old platelets.
Platelet labeling with glycine-14C. Blood was withdrawn 54 hr after administration of 10 ,&c of glycine-14C in the same manner as in the 'S experiments. This isotope had a similar pattern of incorporation into the platelets and the labeled platelets in the samples taken at 54 hr represent a cohort of young platelets.
Platelet labeling with DF'P. Blood was withdrawn 6 hr after the administration of 30 yc of DF"P by intravenous infusion. This labeled compound labels all circulating platelets as well as other formed elements and the proteins in the blood.
"S as an old platelet population label. 'SO4= was administered intravenously to rabbits in a dosage of 200 ,uc on the 1st day and then 70 uc each day for 7 days. Blood was withdrawn 72 hr after the last injection. With this method of administration, the platelet radioactivity gradually rose and reached a plateau at about 5-6 days, at which time it was assumed that platelets of all ages 2O0t 50 o00o so FIGURE 1 This shows the radioactivity of platelets isolated from the blood of a rabbit at intervals after the intravenous injection of VSOR. The platelets were washed three times, and then their radioactivity was measured and expressed were equally labeled. By taking blood 72 hr later, one is theoretically able to obtain a population of platelets in which the older platelets are much more heavily labeled than the young platelets.
Measurement of platelet adhesiveness to collagen.
These studies were carried out with a method which has been described by Hovig, J0rgensen, Packham, and Mustard (2) . EDTA platelet-rich plasma was exposed for 20 min at 370C in a turbidimetric device to 0.1 g of wet collagen fibers wrapped around a metal stirring bar (10) . The covered bar was stirred magnetically at a constant rate of 1100 rpm. The progressive adhesion of platelets to the collagen produced a steady fall in optical density which was accompanied by a characteristic deflection of the recorder pen. After 20 min the collagen and stirring bar were removed. We recovered platelets remaining in the plasma and washed them three times in Tyrode'salbumin-EDTA solution using methods which have been described (9) . A similar washed platelet suspension was prepared from a sample of platelet-rich plasma not exposed to the collagen. The number of platelets in the platelet suspension was determined with a Coulter counter by a method which has been previously described (11) . In addition, 0.1 ml of the platelet suspension was placed in Hyamine and added to a toluene-fluor solution (2,5-diphenyloxazole, 1,4-bis [2-(5-phenyloxazolyl) ]benzene) containing ethanol for determination of the radioactivity. The radioactivity was measured in a Nuclear-Chicago liquid scintillation counter (11) . The specific radioactivity was expressed as counts per minute per 106 or 10' platelets.
Platelet counts were also done on the platelet-rich plasma before and after exposure to collagen. The fall in platelet count and the gradual increase in light transmission over the period of 20 min was primarily a reflection of platelet adhesion to the collagen. Phase contrast microscopy showed that the platelets were adherent to the collagen but were not present in clumps. The collagen was removed from the stirring bar, washed three times in Tyrode's solution, and placed in Hyamine. The toluene-flour solution was added for liquid scintillation counting.
Platelet aggregation with ADP. The blood used in these experiments was obtained from rabbits given 'Sm04= 54 hr earlier.
ADP, 0.3 jug (0.62 nanomoles) in 0.1 ml of Tyrode's solution, was added to 0.9 ml of citrated platelet-rich plasma in a cuvette and the mixture stirred magnetically in a turbidimetric device as described previously (10) . This concentration of ADP did not aggregate all the platelets. When the fall in optical density had reached a maximum the tube was placed in an ice bath. The platelet-rich plasmas from reacted and nonreacted samples were then centrifuged at 4°C at 100 g for 10 min in order to sediment aggregated platelets. The platelets-remaining in the supernatant from both the ADP treated PRP and the control PRP were separated and washed three times in Tyrode's-albumin-EDTA. Platelet counts and radioactivity were determined as in the collagen experiments.
In vivo infusion of collagen. Over a period of 3 min, 20 ml of the collagen suspension was infused into the femoral artery of anesthetized rabbits which had received 'SO1-either 54 or 96 hr previously. Blood was withdrawn through a cannula in the carotid artery before injection, 1 min after injection, and 60 min after injection, for determinations of the number of platelets per mm' and of platelet specific radioactivity.
In vivo infusions of ADP. Over a period of 5 min, ADP, 300 milligrams (0.62 millimoles) in 10 ml of Tyrode's solution pH 7.4, was infused into a femoral artery of an anesthetized rabbit which had received 'SO,4-54 hr previously. Blood was withdrawn through a carotid cannula before the ADP infusion and at the following intervals after infusion: 1, 10, and 90 min. Table I shows the results of experiments in which platelet-rich plasma was prepared from rabbits given 35SO4= 54 or 96 hr previously. Exposure of EDTA platelet-rich plasma to collagen fragments decreased the radioactivity associated with platelets in samples from the 54 hr period; since the fall was in the specific radioactivity of the. platelets it represents a selective adhesion of young platelets to the collagen. This effect was not seen with samples prepared from blood drawn 96 hr after the administration of the isotope. During the period in which the platelet-rich plasma was exposed to collagen there was evidence of progressive adhesion of the platelets to collagen, but no evidence of platelet aggregation. This was determined by the slow but steady increase in light transmission as the collagen was stirred in the platelet-rich plasma, the fall in the platelet count, and failure to detect platelet aggregates in the samples of EDTA platelet-rich plasma examined by phase contrast microscopy. Since 35S-labeled platelets are known to release 35S-labeled material when exposed to thrombin, the possibility that collagen also might cause the release of 35S-labeled material had to be considered. In Table II it can be seen that when platelets suspended in EDTA-PRP were exposed to collagen there was no evidence of an increase in radioactivity in the plasma. The radioactivity of the platelets before and after exposure to collagen and of the collagen fragments is also shown.
When collagen, to which 85S-labeled platelets were adherent, was exposed to nonlabeled EDTA the ambient fluid when exposed to collagen in EDTA platelet-rich plasma. It can be seen from Table III that when a population of platelets containing a young cohort of 14C-labeled platelets was exposed to collagen there was a selective removal of the radioactive platelets.
However, when DF32P [which is thought to label platelets of all ages (5)] was used, a different pattern emerged. It can be seen from Table IV that although there was a fall in the platelet count, there was no significant change in the specific radioactivity of these platelets before and after exposure to collagen.
In further studies, 35S04= was given daily for 7 days. Blood was withdrawn and mixed with EDTA 72 hr after the last injection, and platelet-rich plasma was prepared and exposed to collagen. In these experiments it can be assumed that the label was predominantly in the oldest platelets. In contrast to the experiments in which young platelets were labeled (Table I) , there was an increase in the specific radioactivity of the nonadherent platelets after exposure to collagen (Table V) . Table VI shows the results of experiments in which a population of platelets containing a young cohort of 35S-labeled platelets in citrated platelet- Significance of differences t = 1.41 between values before P > 0.1 and after ADP rich plasma was exposed to ADP. It can be seen that there was no significant difference in the specific radioactivity of the platelets before exposure to ADP and those left in the supernatant after the aggregated platelets had been removed by centrifugation.
In vivo experiments. It can be seen from Table VII that infusion of collagen into rabbits injected 54 hr previously with 35S04= produced a moderate fall in the platelet count at 60 min but a marked fall in the radioactivity associated with the platelets. However, when the collagen was infused into rabbits injected with 35S04= 96 hr previously there was no decrease in the radioactivity associated with the platelets and in four experiments there was an increase.
The infusion of ADP into rabbits injected 54 hr previously with 35S04= produced a transient fall in the platelet count but there was no fall in the radioactivity associated with the platelets (Table   VIII) . DISCUSSION Odell, Tausche, and Gude (3) showed that when 35S04= was injected into rats the radioisotope was incorporated into megakaryocytes in the bone marrow. Radioautography revealed that the radioactivity of these cells reached a peak at about the 2nd day. This was followed by a large increase in the platelet radioactivity. A similar pattern of label-470 Significance of differences between values t = 1.11 t = 3.48 before and 60 min after infusion P < 0.4 P < 0.02
ing of rabbit platelets with 35S04= was observed is a fall in the specific radioactivity of the nonin this study with maximum labeling between 48 adherent platelets. and 60 hr. It seems reasonable to assume that the The 35S-labeled platelets in the circulation 4-5 labeled platelets appearing 2-3 days after the in-days after the isotope injections are mainly those jection of the isotope are newly produced from platelets released at 2-3 days which have survived the megakaryocytes and, therefore, represent (3, 4) , and hence, represent an older platelet young platelets.
population. When a population of platelets conThe results of the present study show that taining these platelets is exposed to collagen there when a population of platelets containing 35S-la-is no fall in the specific radioactivity of the platebeled young platelets is exposed to collagen, there lets. Because at this time after a single injection of 35S04= the specific activity of the older platelets would not be very high, experiments were done in which an attempt was made to have considerable radioactivity in the older platelets. 35S04= was administered for 7 days and platelets were prepared from blood drawn 72 hr after the last injection. It is likely that a considerable portion of the H5S label was in the oldest platelets. Exposure of the platelet-rich plasma containing these platelets to collagen resulted in an increase in the specific radioactivity of the nonadherent platelets.
No evidence was found that these effects were related to the release of 35S-labeled material from the platelets. In addition, when a young cohort of the platelet population was labeled with glycine-'4C, the results were similar to those obtained with 85S-labeled platelets. Thus, the findings were not related to the type of isotope used or which constituents of the platelet were labeled. All this evidence is in agreement with the hypothesis that young platelets selectively adhere to collagen.
When DF32P was used as the platelet label, adherence of some of the platelets to collagen did not result in any change in the specific radioactivity of the platelets which were not adherent. This observation is in keeping with the concept that DF32P labels platelets of all ages equally.
In contrast to the adherence of platelets to collagen, we did not find that the adherence of 35S-labeled platelets to each other, induced by ADP, was influenced by platelet age.
The results from the in vivo studies in which a collagen suspension was infused are consistent with the in vitro results. The specific radioactivity of the platelet population containing young labeled platelets fell, which indicated that young platelets were selectively removed from the circulation. This did not occur when the older platelets were labeled. In contrast to the effect of a collagen suspension, there appeared to be no difference between the effect of ADP on young and old platelets when this nucleotide was infused, although there was a large fall in the number of circulating platelets.
Wright (1) originally proposed that young platelets are more adhesive than older platelets. Although her studies were done with glass surfaces, the results from the present studies with collagen are in agreement with her findings. The effect is related to the adherence of platelets to surfaces, not the adherence of platelets to each other.
Wright (1) suggested that the increase in sticky young platelets about the 10th postoperative day could be a factor in the increased incidence of thromboembolic disorders found after surgical operations. If exposure of subendothelial collagen is an initiating mechanism in thrombosis, our observations suggest that subjects with an increased proportion of young platelets might have a greater number of platelets adhere to collagen than normal subjects. It is possible that theL increased platelet adhesiveness seen in association with thromboembolic disorders (12) (13) (14) (15) may reflect a greater proportion of young platelets in the circulation of subjects with these conditions than in normal individuals.
